Structural and functional relationships in DnaK and DnaK756 heat-shock proteins from Escherichia coli.
The secondary structures of DnaK and the mutant DnaK756 heat-shock proteins from Escherichia coli have been investigated by Fourier transform infrared spectroscopy. The analysis of infrared data showed that DnaK and DnaK756 proteins have different secondary structures that are not affected by the presence of ATP or beta, gamma-methyleneadenosine 5'-triphosphate. The infrared data indicate also that the tertiary structures of DnaK and DnaK756 proteins are different and that DnaK protein undergoes conformational changes in its tertiary structure not only during binding of ATP but also during ATP hydrolysis. Using fluorescence spectroscopy of a single tryptophan located in the N-terminal domain of DnaK protein and fluorescence of 1,1'-bis(4-anilino)naphthalene-5,5'-disulfonic acid, which interacts with hydrophobic domains of DnaK protein, we were able to distinguish between two conformational states of DnaK protein. After binding of triphosphonucleotides, the C-terminal domain of DnaK protein changes in tertiary structure in such a way that fewer hydrophobic segments are exposed on the surface of the protein. After ATP hydrolysis, the number of hydrophobic segments on the surface of the protein is further reduced, and moreover the tertiary structure of the N-terminal domain of the protein changes. These data are discussed in terms of structural and functional relationships of both DnaK and DnaK756 proteins.